Headquarters managers and Regional staff in the U.S. Environmental Protection Agency's hazardous and solid waste programs were surveyed to determine priorities for technical information and guidance among EPA Regional staff, state hazardous waste management staff, EPA contractors, and the regulated community. The survey also examined delivery systems effective for EPA Regional staff. The fifteen highest ranked technical needs for RCRA, Superfund, and UST reflect a pervasive interest in hazardous waste remediation. Top priority technical needs focus on establishing cleanup levels, subsurface fate and transport, field monitoring and quality assurance, remedy selection, and most importantly, which remedies work and which do not in specific situations. Technical needs of non-EPA audiences are quite similar to those for EPA field staff. Preferences for technology transfer delivery systems are generally for conventional distribution methods (such as print materials and workshops) rather than electronic or video media. Regional staff report serious problems in utilizing technology transfer because of time constraints, insufficient knowledge of available products, insufficient travel funds, and limited access to and training on computers.
Nowhere is relevant technical information needed more than at the frontline of environmental cleanup and hazardous waste management. With environmental science and engineering advancing at a rapid pace, the U.S. Environmental Protection Agency (EPA) recognizes the compelling need to provide its employees with the requisite technical information and tools to protect human health and the environment from dangerous levels of pollution.
This report describes a technical information needs assessment recently conducted by the EPA's Office of Solid Waste and Emergency Response (OSWER). It addresses primarily the needs of field personnel within EPA's Regional Offices, but also gauges the technical needs of state hazardous waste management staff, the regulated community, and others with explicit cleanup or waste management responsibilities.
EPA's Office of Solid Waste and Emergency Response directs the cleanup of abandoned, high-priority, hazardous waste sites and regulates hazardous and municipal waste disposal facilities. It also manages short-term removal actions and accidental spill emergency responses to lessen imminent threats; enables state efforts to address underground storage tanks; facilitates community right-to-know and preparedness planning; and advocates the use of innovative technologies for site remediation. Implementation of these programs through ten Regional offices-often in partnership with states and others-creates a complex web of needs for information and guidance.
Within OSWER, the Technology Innovation Office (TIO) works to reduce barriers to the use of innovative technologies in remedy selection at CER-CLA (Comprehensive Environmental Response, Compensation, and Liability Act or Superfund) sites, in corrective action under RCRA (Resource Conservation and Recovery Act), and in the cleanup of leaking underground storage tanks. TIO's responsibilities also include setting priorities for broader technical information transfer and assisting in the effective design of technical guidance, databases, training, and other related efforts for appropriate audiences.
This assessment was designed to assist OSWER and EPA's Office of Research and Development (ORD) in planning appropriate programs for technology transfer. Its subject matter includes Superfund (CERCLA), hazardous waste (RCRA), and underground storage tank (UST) programs, including enforcement related issues. The primary objectives of the assessment were to determine needs for technology transfer among Regional personnel and other end-user audiences. Additional objectives were to: • Identify effective distribution methods; and • Examine typical sources of technology transfer information and constraints to accessing technology transfer products.
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Methods
The needs assessment was conducted through a series of interviews with OSWER management at EPA headquarters, a questionnaire survey of all ten EPA Regions, and four Regional site visits. Interviews with OSWER managers were used to assist in development of the Regional questionnaire and in interpretation of the data. The interviews were also used to identify needs driven by program changes and priorities and to identify survey populations. The questionnaire contains sections dealing with respondent profiles, technology transfer topics based on present and future-oriented program priorities, and end-user audiences and delivery systems. Four Regional site visits were used to pilot test the questionnaire and to gather more in-depth knowledge of EPA Regional needs and perspectives.
EPA Headquarters Interviews
Preliminary interviews with headquarters managers focused on major technology transfer plans and activities, priority program responsibilities, objectives for the next three to five years, and the sample population to be surveyed. Information from the interviews was used to develop the list of topical OSWER technical needs utilized in the Regional questionnaire. Headquarters managers offered useful insight into preferred delivery methods and constraints on their use, and indicated Regions that the survey team might visit.
Regional Site Visits
Regional interviews with CERCLA, RCRA, and UST staff were conducted in Regions III (Philadelphia), V (Chicago), VI (Dallas), and VIII (Denver) to gain detailed information about technology transfer needs and audiences. The survey questionnaire was pilottested during the first site visit in Region III.
Survey Questionnaire
The questionnaire provided data for drawing general conclusions regarding the priority technical needs and preferred delivery systems of Regional respondents. It consisted of a respondent profile, a list of 40 technology transfer topics in 11 categories based on current and future-oriented program priorities, and a section addressing end-user audiences and delivery systems. Respondents were asked to provide their best estimate of how important the topics within each theme would be to accomplishing their jobs on a scale of 1 ("not at all useful") to 5 ("extremely useful").
In the delivery systems section of the questionnaire, respondents were asked to identify the professionals outside their immediate office who are important in helping to accomplish their jobs. Knowledge of these groups is an important key to providing timely technical information and products to the right audiences in the most appropriate format. Respondents were asked to name the most important audience in accomplishing their jobs, estimate its size, and list the five top priority technical needs of that "primary" audience.
Finally, survey respondents were asked about their preferences for a variety of distribution methods and current sources of technical information on a 1 ("not at all useful") to 5 ("extremely useful") scale. They were also asked to identify the most serious constraints experienced in using OSWER technology transfer products and activities on a scale of 1 ("no problem") to 5 ("serious problem" 
Time in Current Position
Less than 1 year 
Data Analysis
A total of 239 completed questionnaires were returned representing an overall response rate of about 45 percent. Of the questionnaires distributed to CERCLA staff, the response rate was about 43 percent, the RCRA response rate was 48 percent, and the UST and others response rate approximated 47 percent. Response rates around 40 to 45 percent are comparable to those typically received from mail surveys within OSWER. However, response rates per Region varied considerably leaving little confidence in the representativeness of data for a single Region. Regional response rates ranged from about 23 percent for Region IX (San Francisco, where EPA office operations were disrupted due to an earthquake at the time of the survey) to 70 percent for Region VII (Kansas City).
Data from the questionnaires were compiled and analyzed using database management and statistical software. Respondent profile data were compiled by frequency of response and expressed in terms of percentages. Technical needs were ranked for RCRA, CERCLA, and UST based on the arithmetic means of their importance to respondents. In some instances, the means were also compared utilizing a one-way analysis of variance (ANOVA) and the Tukey multiple range test for determining whether significant differences exist between means. Only minor differences were observed between the CERCLA, RCRA, and UST programs on their ranking of technical needswith higher rankings for items related to specific programs. Therefore, no comparisons across programs on these items are reported.
The frequency with which respondents identified important audiences was determined for all programs. Primary audiences were ranked based on frequency of response. The technical needs of each primary audience were counted and their frequencies determined. Audience data were expressed as percentages for each program area. Arithmetic means based on the degree of usefulness of various delivery methods were determined and compared utilizing the one-way ANOVA and Tukey tests. Data regarding sources of technical information and constraints experienced in using technology transfer products were similarly analyzed and reported.
A few limitations on the findings of the study should be kept in mind when reviewing the results and conclusions. First, although the study design was intended to survey a wide variety of OSWER Regional personnel at management and staff levels, the findings suggest that the sample population favored experienced staff-those with at least three to five years in the Agencyrather than new, less-experienced staff. This may have resulted from the survey distribution scheme. Second, the survey relied on OSWER Regional personnel to identify professionals (endusers) outside the Agency who are important in helping OSWER accomplish its mission. It did not independently survey these additional audiences because of the constraint on survey size established by the Office of Management and Budget. Finally, Regional response rates varied, leaving little confidence in the representativeness of data for a single Region. For this reason, no comparisons among Regions are made.
Findings Respondent Profiles
The sampling ratio (44 percent) and response rate (45 percent) provide an actual sample of about 20 percent of the overall population of EPA Regional hazardous and solid waste staff. Figure  1 provides a graphical representation of the respondents' tenure with the Agency and in their current positions. Eighty-five percent of the sample population have been with EPA for 3 years or more, with over 50 percent being employed by the Agency for 6 years or more. There were a few differences across program areas. Respondents' time in their current positions shows a different pattern. Almost 55 percent of respondents report being in their current positions for 2 years or less, and 21 percent of those have held their current jobs for under a year. There are only minor differences between the CER-CLA and RCRA programs, with Superfund staff showing slightly greater job tenure.
The discrepancy between time with EPA and time in current position suggests that even though time in current position may be limited for Regional hazardous and solid waste staff, their technical experience is not necessarily lacking. This conclusion is supported by the educational profile of respondents ( Figure 2 ). Over 50 percent of the sample hold graduate degrees, for the most part in engineering or physical science, and there is a great deal of similarity in educational level across the RCRA, CERCLA, and UST programs. Approximately 80 percent of the 92 Regional RCRA personnel who responded to the survey report high priority job responsibilities in more than one RCRA program area (permitting, compliance, or corrective action). This finding indicates there is considerable overlap of responsibilities among RCRA Regional personnel. The typical RCRA respondent has been in his or her current job less than 2 years (61 percent) and has been an EPA employee 3 to 10 years (53 percent). She or he also has a masters degree (47 percent) and is an engineer (42 percent).
One hundred thirty-nine of the Regional respondents are currently involved in the CERCLA removal, remedial, enforcement, or other programs (i.e., federal facilities or preremedial programs), with 65 percent indicating involvement in two or more CERCLA program areas. Because the remedial (Fund and State-lead sites) and enforcement (PRP-lead sites) programs in most Regions have been integrated, some overlap between these areas was expected. The typical CERCLA respondent has been with the Agency for 3 or more years (88 percent), has held his or her current position for 2 years or less (52 percent), and has a masters degree (50 percent) in engineering (47 percent). These "typical" characteristics are quite similar to those for RCRA respondents and for the sample as a whole.
Ten Regional UST employees responded to the questionnaire, representing about one-tenth of the total number of UST employees in the Regions. Approximately 70 percent of the respondents have been in their current positions for 3 to 5 years and with the Agency for 11 years or more. The majority of UST respondents are engineers or geologists (70 percent) and hold masters degrees (60 percent). UST respondents report that their highest priority job responsibilities involve state oversight of UST regulatory implementation and cleanup. These include a wide variety of duties: LUST Trust Fund contracts and grants management; review and approval of state financial assurance funds; state program review and approval; technical support to the states particularly for leak detection technologies; distribution of detailed information to a variety of people impacted by the program; and oversight of UST cleanup, enforcement, and cost recovery.
RCRA Technical Needs
The 15 highest ranked technical needs for all RCRA respondents are 
CERCLA Technical Needs
The 15 highest ranked technology transfer needs for CERCLA staff in EPA Regions are presented in Table II . Ten of the top 15 Superfund needs are related to progress in moving sites into the remedial design phase and to meeting SARA requirements that permanent solutions and alternative treatment technologies be used "to the maximum extent practicable." Among the top ten needs for the CERCLA pro- 
UST Technical needs
UST respondents indicate that their highest priority technical needs are in the application of treatment technologies, alternative and innovative treatment technologies, monitoring techniques, and ground water. Table III presents the 15 highest ranked technology transfer needs of Regional UST respondents. These findings reveal a major interest in technology that improves corrective action, and they concur with UST headquarters objectives for improving speed and quality, and reducing costs, of corrective actions. Regional UST respondents perceive the need for technology transfer products on topics related to cheaper treatment alternatives designed specifically for cleaning up leaking underground storage (LUST) sites, aqueous waste streams, and vapors. The most highly valued topic on alternative treatments is biological treatment processes, which ranks second among all UST respondent needs. This suggests an interest in in situ alternatives that go beyond more conventional methods such as pump-and-treat technologies. Regional personnel also recognize the importance of technology transfer topics related to real-time site investigation and characterization methods.
EPA Audiences and Their Technical Needs
RCRA respondents are involved with a variety of professionals outside their offices to accomplish their jobs, but their most important (primary) end-users are state agency staffs and the regulated communities. Approximately 53 percent of respondents report that state agency staffs are their primary audience, and about 29 percent identify regulated communities as their primary audience. The overall size of these end-user groups is difficult to assess. Estimates range from 1,500-2,000 for state agency staffs and several hundred thousand for the regulated communities. There are an estimated 500-1000 Regional and state permit writers. There are approximately 5,700 owner/operators of hazardous waste landfills; 50,000 hazardous waste generators, but only a few companies account for most of the generated waste; 5,000 treatment facilities; 20,000 hazardous waste transporters; and 800,000 oil/gas wells.
Respondents were asked to list the five top priority technical-needs of their primary audience. Responses to this item were coded as representing one of the 11 thematic areas used to organize technical needs in the questionnaire. Eighty percent of responses to this question could easily be categorized in this fashion, the remaining 20 percent are for programmatic training or guidance
The technical needs perceived by RCRA respondents as important for state agency staff correspond closely to those for the regulated community. They are also among the highest ranked needs of RCRA respondents. Table IV presents the highest ranked topics that RCRA respondents feel their state and regulated community audiences need. The ranking is based on the frequency with which respondents mentioned topics for each audience.
For both primary user audiences, non-technical, programmatic needs are mentioned more frequently than any category of technical needs. Programmatic needs include topics such as training to conduct corrective action, RCRA Facility Investigation (RFI) guidance, understanding land ban restrictions and how they relate to closures and corrective action, general information on RCRA regulations, and information to produce quality RFIs and Corrective Measures Studies.
CERCLA staff identify state agency staff, EPA contractors, and the regulated community as important audiences for EPA technology transfer. EPA contractors are selected as the primary audience by 44 percent of respondents, while state agency staff are considered the primary audience by 21 percent of respondents. The regulated community (presumably Potentially Responsible Parties, but possibly including the public in affected areas) is also identified as the primary audience by 15 percent of respondents. The question on audience size received a wide range of responses; for example, EPA contractors and state agency staff are estimated as ranging from 100 to 500 persons per Region by 91 percent of respondents. In addition, some respondents estimate audience sizes for the regulated community in the thousands.
Technical needs for the three main CERCLA audiences are summarized and listed in rank order in Table V 
Technology Transfer Delivery Systems
Respondents were provided with a list of 15 potential technology transfer delivery methods (ranging from print materials to demonstrations, electronic information transfer, and videoconferencing) and asked to rate their usefulness on a five-point scale. Examination of average ratings show that the overall sample ratings and those for the RCRA, CERCLA, and UST program areas are strikingly similar. The top six delivery methods-Guidance manuals, Technical reports/handbooks, Seminars and workshops, Technology summaries/bulletins, Conferences and symposia, and Technology demonstrations-are all rated above average in usefulness by respondents in all program areas. A one-way ANOVA by program for each delivery method revealed no differences in usefulness ratings. Respondents prefer print media (manuals, reports and handbooks, summaries and bulletins) or direct interaction (seminars, workshops, conferences, and demonstrations) to electronic or video media.
The findings could be interpreted as indicating that respondents prefer more familiar to less familiar delivery methods. Although the preference for print media is not surprising, especially in light of the tendency to be more comfortable with that with which one is familiar, preferences alone do not determine the most appropriate delivery methods. Regional management and staff consistently report that staff are overloaded with information and do not have time to assimilate it all. Regional respondents also rate seminars, workshops, and conferences as very useful; however, as discussed below, Regional staff frequently have problems with travel funds and scheduling time away from their jobs.
Recommendations for improvements in delivery systems were solicited by asking what could be done to improve the utility of available systems that are not found useful. This short answer question received 142 responses (59 percent of the overall sample), which were analyzed for content and coded into categories. The only significant differences found between programs are that CERCLA respondents find Other federal agencies and Technology vendors to be somewhat more useful sources of information than do RCRA respondents. In general, these important sources of informationother professional staff, EPA libraries, and EPA headquarters contacts-suggest networks for coordinating technology transfer information in the Regions that are most likely to be successful.
Constraints to Technology Transfer
The final set of items in the questionnaire asked respondents to rate the constraints that they had experienced in the use of technology transfer products and services. First among the problems encountered by Regional staff in effectively accessing and using technology transfer information is a lack of sufficient time due to pressing job responsibilities. Thirty-six percent of the overall sample population rate this as a "severe problem," and this is consistent across program areas. One of the consequences of this situation is that field staff do not take the time to keep informed of new technical information as it becomes available. Regional staff report that they need to be able to locate and access technical information at the appropriate time, indicating that training will be attended or reports read only if they are relevant to an immediate problem.
Two of the most serious problems encountered in utilizing technology transfer products and activities involve awareness of what is available. Seventy-three percent of respondents consider this to be a moderate to severe problem, while 65 percent feel that learning about technology transfer activities in sufficient time to take advantage of them is a moderate to severe problem. This finding suggests that greater effort needs to be expended in communicating about technology transfer activities.
A related problem, also among the top five delivery system constraints, concerns situations in which Regional staff are aware of available technology transfer products, but access is too difficult (e.g, problems are encountered in locating reports, or information is too disorganized or difficult to assimilate). A more coordinated technology transfer program at the Regional level, better targeted technology transfer products, and more and better communica- tions within the Agency are called for. Although numerous activities are now under way to address this issue, it continues to be a central problem in technology transfer for OSWER.
The availability of sufficient travel funds is rated as a relatively serious problem in taking advantage of technology transfer activities. This is also the one area in which RCRA respondents report significantly more difficulty than CERCLA respondents. This problem is exacerbated by turnover among Regional staff, leading to the examination of alternatives (e.g., videotape or interactive videoconferencing) to ensure that technical information is available when it is needed and to avoid travel restrictions.
Limited access to computers or modems and the need for basic computer training are also considered problems, but less serious than those already mentioned. The Superfund office has made a commitment to "ensuring that all key field staff have immediate access to personal computers, portable computers for the field, related hardware and software, and communications capabilities to access OSWER information systems."
2 Current problems focus on communications software and knowing how to use it, as well as being aware of available automated information systems and developing the skills to access them.
Conclusions
The findings of the needs assessment show that the major OSWER programs are converging on cleanup problems. The top ranked technical needs correspond quite closely across RCRA and CERCLA programs: approximately 74 percent of technology transfer topics are ranked "quite" to "extremely" useful by both CERCLA and RCRA respondents. Eleven of the top 15 technical needs were the same for both RCRA and CERCLA, and no significant differences between the importance ratings of the two programs were found for these items. UST respondents had similar technical needs, but limited their priorities to those related directly to cleanup of gasoline spills. Additionally, there were very few differences in delivery system preferences for the two major hazardous waste programs, suggesting that similar delivery methods should be successful for both programs. However, the two programs differ in implementation and these specific differences should be addressed in technology transfer products and services targeted to particular audiences.
Technology transfer should focus on alternative and innovative treatment technologies, risk assessment, ground water, remedy selection, field monitoring, and data requirements. In general, Regional staff in the RCRA, CERCLA, and UST programs need to know how to establish cleanup levels, how wastes move through the subsurface and affect ground water, how to monitor in the field and assure data quality, how to select remedies, and most importantly, which remedies work and which do not in specific situations. The fifteen highest ranked technical needs overall and for CERCLA and RCRA reflect a pervasive interest in hazardous waste remediation. The highest ranked technical needs perceived by RCRA respondents indicate fairly extensive Regional involvement in corrective action. UST needs closely parallel both CERCLA and RCRA with an emphasis on UST specific technical topics such as application of mitigation, removal, and treatment technologies to leaking underground storage tanks; and leak detection and prevention methods. UST respondents were also quite interested in health and safety information and training, especially with respect to their primary audiences-state agencies and the regulated community.
State agency staff, EPA contractors, and the regulated community should be considered when developing technology transfer products for OSWER. RCRA's primary end-users for technology transfer, other than Regional staff, include state agency staff (53 percent) and the regulated community (29 percent). The most frequently mentioned needs for these groups are in non-technical areas, such as general information on the program and RCRA regulations. The three most frequently mentioned technical needs for both of these primary audiences include selection of cleanup technologies, risk assessment, and monitoring topics, suggesting that these topics should be considered for technology transfer products designed for broad distribution. and communications software are still considered fairly serious problems in accessing technology transfer information by Regional respondents. The issue of computer literacy will continue to play a role in limiting the potential utility of electronic and automated systems.
Technology transfer developers must also ensure that products and activities are well advertised and coordinated. Finally, the role of evaluation and feedback cannot be overemphasized. Technology transfer products and activities must be evaluated to determine whether technical needs are being met in the most effective and efficient manner for specific audience segments.
OSWER's relatively recent emphasis on technology transfer that began with the OSWER Technology Transfer Strategy 3 appears to have facilitated some technical information transfer to the Regions. However, as shown by the current study, a number of barriers to technology transfer remain to be addressed, and the transfer of technical information to audiences outside the Agency is just beginning. As needs for current, high-quality technical information intensify and more resources are invested in alternative delivery methods, the need for evaluation also becomes more critical.
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